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amadan@Abstract Introduction: The detection of risk factors of hearing function is a crucial element for
early intervention. Many researchers reported that protein energy malnutrition (PEM) and iron
deﬁciency anemia affect myelination and neural maturation of the auditory brainstem pathway. Lit-
tle data is available for the impact of PEM on the auditory cortical pathway. Moreover, there is
marked controversy regarding this effect on the brainstem pathway.
Objectives: This work aimed to declare the effect of PEM and iron deﬁciency anemia on the audi-
tory function of toddlers.
Methods: 54 toddlers ranged in age from 1 to 3 years were included in this study. They were divided
into study and control groups. All subjects were tested for their auditory brainstem response (ABR)
and N1–P2 cortical potential after validation of normal middle ear pressure.Ear, Nose, Throat and Allied
evier B.V. All rights reserved.
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106 M.R. Hassaan et al.Results: Non-signiﬁcant difference was found between study and control groups in all ABR mea-
surements. However, there was signiﬁcant amplitude reduction and latency prolongation of N1–P2
potential of the study group in comparison to the control one. Subjects with iron deﬁciency anemia
had signiﬁcant reduction in N1–P2 potential amplitude and prolongation in its latency in compar-
ison to those without anemia.
Conclusion: PEM especially when be associated with iron deﬁciency anemia can disturb the neuro-
nal maturation of cortical auditory pathway in toddler’s age. Little or no effect was found on the
auditory brainstem pathway.
ª 2011 Egyptian Society of Ear, Nose, Throat and Allied Sciences.
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Malnutrition continues to be a major public health problem
throughout the developing world. About 6% of children un-
der age of ﬁve years are underweight for their age.1 Thus,
researchers are still concerned with the problems caused by
malnutrition. It has been validated that nutritional sufﬁ-
ciency especially of protein, iron, choline and long-chain
polyunsaturated fatty acids contributes to proper neuronal
structure. Deﬁciency of one or more than one of these ele-
ments in the developing brain, due to malnutrition, can lead
to impaired myelination, weak synaptic junctions and limited
neural arborization.2,3 Protein energy malnutrition (PEM) is
a pathological malnutrition condition arising from coinci-
dental lack of varying proportion of protein and calories
occurring most frequently in infants, toddlers and young
children.4 Dietary proteins are the source of brain enzymes
and neurotransmitters, notably catecholamine and serotonin.
The quality of dietary proteins inﬂuences the nature and the
quantities of cerebral proteins and neurotransmitters. Thus,
the amino acid proﬁle of the cerebral extracellular milieu
is a function of the content and nature of dietary proteins.5
The iron deﬁciency also is considered as one of the most pre-
valent nutrient deﬁciencies in the world. In Egypt, the prevalence
of iron deﬁciency anemia was reported to be 60% in toddlers
aged 18–24 months and 49% during the following 6 months in
rural areas.6 Iron deﬁciency can alters metabolism, neurotrans-
mission, glial integrity and the thickness of cortical myelin layer,
besides increasing myelinization time of the nervous system.7
Roncagliolo et al.8 reported delay in the neural conduction time
in response to auditory or visual stimuli in infants with iron deﬁ-
ciency anemia. The effect of iron deﬁciency has been validated by
animal studies that reported signiﬁcant inﬂux of transferrin and
iron in rat’s brain immediately after post-natal period.9 Further-
more, iron deﬁciency in early postnatal period revealed lasing
deﬁcit in animal’s brain in the form of hypomyelination in spite
of effective iron replacement therapy.10
Affection of these neural mechanisms may lead to impaired
intellectual functions. This can be manifested by several neural
clinical manifestations such as dullness, apathy, irritability, anx-
iety, hyperactivity attention deﬁcit and/or poor psychosocial
and academic skills.11,12 The effect of malnutrition on brain
development depends on duration, type and severity of
malnutrition.4
It is evident now that PEM can affect the cognitive pro-
cesses upon which auditory function acts.12,7 Moreover, the
hearing neural pathway by itself is one of the neural path-
ways that iron deﬁciency anemia can impair especially earlyin life. Even this effect may be long lasting enough to remain
2.5–3.5 years after ﬁrst diagnosis in spite of effective iron
replacement therapy.13
The proper hearing function demands not only proper
cochlear function but also proper central auditory nervous sys-
tem. Many auditory abilities are executed in the brainstem level
and higher levels in many neural nuclei and tract.14 Many tests
are available for assessment of these auditory brain areas. Be-
side psychophysical tests, these areas can be assessed electro-
physiologically by auditory brainstem response (ABR) and
auditory cortical potentials (ACPs).15,14
The role of electrophysiological tests is evident in assess-
ment of the efﬁciency of hearing function in infants, young
children and difﬁcult to test subjects who could not perform
psychophysical testing. At birth, the ABR becomes evident
in nearly all normal neonates under normal sleep and in tod-
dlers and young children under normal sleep or sedation.16
Its waves continue to improve as regards latencies and ampli-
tudes until reaching the adult values at 18–36 months.17,18
The picture is somewhat different for the ACPs. Most of
these potentials develop in infancy and childhood. Some of
them may not reach adult values until adulthood.19 Moreover,
the effect of sleep on the cortical response differs from ABR.
Unlike ABR, the ACPs are vulnerable to sleep in the form
of missing of some waves or emergence of other waves that
are not evident in the conscious state.20 Some of them are
not recordable unless the subject performs a voluntary task.15
Among ACPs, the slow cortical response especially N1–P2
potential may have clinical application as an objective physio-
logic correlate of speech-sound representation associated with
speech-sound training.21 The efﬁcient potentialmay predict nor-
mal language development in children.22 The slow cortical re-
sponse is promising to be recorded as early as newborn period
during sleep for its P2 andN2 components.23 The earlier compo-
nents, P1 and N1, could not be recorded consistently in this age.
In toddler age, the N1–P2 component starts to emerge repeat-
edly in response to low tonal stimuli in 63% of toddlers and
grows to reach 95% in young children.24 Multiple generators
in posterior portion of the superior temporal plane, lateral tem-
poral lobe and the adjacent parietal lobe regions seem to be
responsible for this potential. The N1–P2 potential is thought
to reﬂect synchronous neural activation of structures in these
sites in response to auditory stimulation.25,26 It has latencies
of 100–160 ms and 160–270 ms for its N1 and P2 components,
respectively.27
In toddler’s age, these potentials are largely prone to stim-
ulus parameters. Speech and low frequency tonal stimuli pro-
voke waves that are more evident than other sound stimuli
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produces enhanced waves.28
Some researchers reported abnormal ABR indices in chil-
dren with acquired PEM.29 Others reported that subjects with
chronic iron deﬁciency anemia revealed prolonged ABR waves
and visual evoked N100 cortical wave.30 It seemed that these
neural deﬁciencies that attributed to deﬁcient myelination of
these pathways, caused by deﬁciency of iron and protein nutri-
ent traces.31,32 Others reported either no changes in ABR indi-
ces or minor changes in some parameters such as inter-wave
intervals.33,13
It seemed that there is controversy about the effect of PEM
and iron deﬁciency anemia on ABR measures. Moreover, little
data is available for this possible effect on the ACPs. This work
attempted to detect the adverse effect of PEM and iron deﬁ-
ciency anemia on the auditory functions if any and to address
them as risk factors for hearing function. The delayed detection
of the affected higher auditory function and poor cognition in
malnourished children minimize the beneﬁt of auditory training
programs. It will be of value to ﬁnd an early way to assess the
integrity of auditory function in those children.
2. Methodology
This study was conducted in the Audiology unit and the Pediat-
ric department of Zagazig university hospitals from April 2010
to January 2011. It comprised 54 toddlers ranged in age from 1
to 3 years. Toddlers with one or more of the following condi-
tions were excluded from the study:
1. Hearing complaint, diagnosed ear pathologies, speech dis-
orders or intellectual complaint.
2. Past-history of low birth weight (less than 2500 g).
3. Congenital anomalies.
4. Neurological abnormalities.
5. Genetic,visceral and endocrinal causes of short stature.
In a following step, the selected subjects were arranged in
two groups:
2.1. Control group
They were toddlers of some employers of Zagazig university
hospitals who responded to announcement of the authors.
The announcement clearly informed them that their toddlers
will be safely involved in research in the Audiology unit and
the Pediatric department and they will indirectly beneﬁt from
this research by evaluation of their children’s hearing function,
maturational state and hematologic state.
This group comprised twenty toddlers who were matched
to those of the study group in age and gender. They were 12
males (60%) and 8 females (40%). Their age mean was 19.7
(±7.2) months. These individuals were non-complainers as re-
gards their nutritional status. All of them had normal albumin
levels (4.1 ± 0.3) and normal hemoglobin and transferrin
saturation levels (11.8 ± 3.2 and 32.9 ± 8.9, respectively).
2.2. Study group
It comprised thirty-four children with PEM. They were 20
males (59%) and 14 females (41%). Their age mean was 18.9(±7.5) months. Twenty (59%) subjects of them had iron deﬁ-
ciency anemia while fourteen (41%) subjects had normal
hematologic condition. All of them were tested at least 3 weeks
apart from their ﬁrst diagnosis and not in an acute condition.
At the acute condition, the patients were generally unﬁt for
testing situation. Some of them were ﬁtted with Ryle for feed-
ing, some were irritable and crying and most of them had sleep
disorders in the acute stage.
After taking an informed consent from the parents of all
subjects and approving the research by the hospital ethical
committee, both groups were submitted to the following:
 Thorough History taking.
 Complete physical examination and anthropometric mea-
surements, including, height, weight, head circumference,
mid-arm circumference and chest circumference to diagnose
or exclude PEM. Nutritional status of the children was
staged by the Gomez classiﬁcation using weight/age ratio:
it was accepted as normal those were between 90 and
110%, mild PEM those were between 75––89%, moderate
PEM those were between 60-74% and severe PEM those
were between <60%. Children with mild PEM were
excluded from the study because mild PEM were rarely
encountered owing to the illiteracy and/or low socioeco-
nomic standard of most of parents of those children.
 Urine analysis, renal function test and liver function test to
roll out systemic affection.
 Serum albumin level to detect hypoalbuminemia, which was
diagnosed if the level was lower than 2.5 g/ dL according to
Clark and Barratt.34
 Complete blood count, hemoglobin, serum iron, iron bind-
ing capacity, ferritin level and transferrin saturation level
 Depending on the hemoglobin levels, toddlers were divided
into anemic patients with hemoglobin levels below 10 gm/dl
and non-anemic patients who had 10gm/dl and higher
hemoglobin levels. The transferrin saturation levels were
used to diagnose anemia to be iron deﬁciency in nature.
Anemic subjects with transferrin saturation levels less than
10% were considered to have iron deﬁciency anemia. Five
subjects were found to have anemia with normal transferrin
saturation levels (10–50%), which diagnosed to be non-iron
deﬁciency anemia, and accordingly they were excluded from
the study.35
The study group subjects were classiﬁed according to albu-
min levels into normal albumin and hypoalbuminic subgroups,
according to weight/age ratio into moderate PEM and severe
PEM subgroups and according to hemoglobin and transferrin
saturation level into no-anemia subgroup and iron deﬁciency
anemia subgroup (Table 1).
 Otoscopical examination : To assure normal external ears
and tympanic membranes.
 Tympanometry testing : All subjects of both groups were
tested using tympanometry to assure normal middle ear
pressure using amplaid 724 tympanometer.
 Evoked potential testing:
A pilot study: included 7 toddlers and 4 children proceeded
the start of auditory cortical potential testing in both control
and study groups. This study aimed to determine the probable
places and shape of the assigned potentials, assure the suitabil-
Table 1 Subgroups of the study group based on transferrin level, albumin level and weight/age ratio. The study group was divided
into two subgroups according to each variable. All subjects of the study group had PEM.
Transferrin level Albumin level Weight/age ratio
No. of
subjects
Mean (SD) No. of
subjects
Mean (SD) No. of
subjects
Mean (SD)
Subgroup
I
14 (41%) No-anemia: 30.4
(10.6)
21 (62%) Normal: 3.7
(0.3)
19 (56%) Moderate reduction:
66.3% (4.01)
Subgroup
II
20 (59%) Anemia: 8.1 (3.6) 13 (38%) Reduced: 2.1
(0.1)
15 (44%) Severe reduction: 53.9%
(3.4)
108 M.R. Hassaan et al.ity of stimuli and to determine the best test conditions. The
four relatively old children shared in the pilot study (9, 9, 10
and 11 years old) were sibs of four of control group toddlers.
The ACPs were traced using an auditory evoked potential sys-
tem, intelligent hearing model Smart EP, version 2.39. Tracing
of cortical potentials in these four children revealed obvious
well-deﬁned cortical potentials that gave guide to the detection
of those of toddlers (Fig. 1). Oddball and simple paradigms
were used in this study. Stimuli used for oddball paradigm
were 250 Hz for deviants (20%) and 1 kHz for standards
(80%) in case of tonal stimuli and wa- versus ga-syllables in
case of speech stimuli. Those used for simple paradigm were
250 Hz and wa-syllable for tonal and speech stimulation,
respectively. Low frequency stimuli were used whether tonal
or speech to assure evident components. Their traces were used
as a guide to places and character of N1 and P2 cortical waves
in traces of toddlers. All children performed the test while
awake, lying comfortably in semi setting position and watching
a cartoon ﬁlm without sound on a laptop in front of them.
Unlikely in the seven toddlers, the test situation differs in the
arousal state of subjects. None of the toddlers could be tested
while awake due to irritability and crying. All of them were
tested during normal sleep. Both testing paradigms produced
evident and repeatable waves in the tested children, however
in toddlers, the oddball paradigm revealed potentials that were
irreproducible, fatigable or unrepeatable. The simple paradigmFigure 1 N1–P2 potential of an eleven years old normal hearing boy.
trace of wa-syllable and lower standard trace of ga-syllable. The rightusing 250 Hz tone and wa-syllable produced relatively well-de-
ﬁned and repeatable waves (Fig. 2). The ﬁlter was set between
0.8 and 1000 Hz and the gain was 50 K. Two stimuli were used:
250 Hz tone burst (200,000-ls duration with 10,000 ls rise/fall
time) and WA-syllable speech stimulus (20,8725 ls duration).
Many researchers such as Tsui et al.36, Tremblay et al.37 and
Ventura et al.38 used the simple paradigm technique also to test
ACPs. Intensity of 70 dBnHL was a suitable intensity level as
it yielded eminent potentials without disrupting the sleep con-
dition of the subjects. Stimulus rate of 0.5/second was used
according to Paetau et al.39 and Gilley et al.40 and it seemed
to be suitable.
Both of Cz and Fz sites were tried for positive electrode
placement. In agreement with Tremblay et al.,21 cortical poten-
tials were more deﬁned with positive electrode on Cz than on
Fz site. As a whole, four factors contributed to the enhance-
ment of wave’s morphology and reproducibility in toddler’s
age. Using of simple paradigm technique, relatively loud stim-
ulus intensity, low frequency spectrum of stimuli and relatively
low stimulus rate constituted these factors.
Electrode montage:
Cup electrodes were attached using ten-twenty paste to the
following sites after being prepared with abrasive jell:
– Positive electrode to Fz site during ABR testing and to Cz
during cortical potentials testing.The left traces were traced using oddball paradigm: upper deviant
two traces were traced using simple paradigm tracing.
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– Ground electrode to the mastoid of the ear contralateral to
the stimulated one.
1. ABRtesting: All subjects were tested for threshold detection
to assure normal hearing thresholds, which was one of the cri-
teria of both groups, and to determine ABR waves indices.
They were tested during normal sleep. Acoustic clicks were
delivered to the tested ears via TDH39 earphone. Stimuli were
manipulated in 10dB steps until reach threshold. Latencies
were calculated in traces of 70dBnHL intensity level. Latencies
of the main waves; I, III and V; were measured and inter-peak
intervals were calculated.
2. Auditory cortical potential recording : Using the electrode
montage and equipment previously described in the pilot
study, stimuli were delivered at 70dBnHL in simple presenta-
tion paradigm. The negative-positive biphasic component
N1–P2 was traced. Two traces were recorded by averaging
twenty sweeps in each of them. The parameters measured were
the N1 wave latency, the P2 wave latency and theN1–P2 peak-
to-peak amplitude. The N1–P2 interval was calculated from
the recorded latency values.2.2.1. Statistical procedure
Latencies of ABR waves were detected and inter-wave inter-
vals were calculated. The same was done in the cortical poten-
tial with addition of N1–P2 amplitude measurement. Raw data
of the study group subjects were subgrouped according to
albumin levels, transferrin levels and weight/age ratios. Non-
signiﬁcant difference between right and left ear ABR indices
was found, accordingly average of both ears measures were
used in the statistical procedures. In cortical potential record-Figure 2 N1–P2 potential of a twenty months old normal male tod
potential and the lower left traces are of 250 Hz tone evoked cortical po
of speech evoked cortical potential (standard ga-syllable versus deviant
potential (standard 1 kHz tone versus deviant 250 Hz tones), both w
standard stimulus and the lower one is for deviant stimulus.ing, measures of the trace with more deﬁned and enhanced
waves were used in the statistics whether right or left
(Fig. 3). Study group results were compared to that of the con-
trol group using independent sample t-test. The same test was
used to compare each related pair of the subgroups: normal
albumin versus hypoalbuminemia subgroups, moderate versus
severe PEM subgroups and anemia versus no-anemia sub-
groups. The paired t-test was used to compare indices of tonal
and speech cortical potentials.3. Results
Auditory brainstem potentials were reproducible in all subjects
of both groups. ABR testing in those subjects was also essen-
tial to validate normal hearing. Contrary to brainstem poten-
tials, cortical potentials were not reproducible in all subjects.
Three of those chosen to be control group subjects, did not
produce the tonal-evoked, speech-evoked or both stimuli-
evoked cortical potentials in spite of normal ABR measure-
ments. On the other side, eleven subjects with PEM did not
produce cortical potentials, eight of them had iron deﬁciency
anemia.
The three evident ABR waves I, III, and V were chosen for
comparison as regards their absolute latencies and inter-peak
intervals. The study group was involved as a whole for com-
parison process with the control one using independent t-test.
There was non-statistical signiﬁcant difference between the
ABR wave’s latencies and interpeak intervals of the study
group and those of the control group (Table 2).
The picture is different when comparing the cortical poten-
tial indices of the study and the control groups with each other.dler. The upper left two traces are of wa-syllable evoked cortical
tential, both with simple paradigm. The upper right two traces are
wa-syllable) and the lower right traces are for tone evoked cortical
ith odd-ball paradigm. In each sequence, the upper trace is for
Figure 3 N1–P2 potential of a sixteen months old female toddler
with PEM. Both traces are of wa-syllable evoked cortical potential
and are measured from right ear at 70 dBnHL. Both traces are
nearly repeatable. The lower trace is more deﬁned and enhanced
than the upper one. The potential measurements were recorded
from the lower one.
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P2 amplitude and N1–P2 interval of both tonal and speech
evoked potentials. All of the studied variables except N1–P2
intervals revealed statistical signiﬁcant difference between
study and control group values. This difference was most sig-
niﬁcant in N1 latency of tonal stimulation.
Comparison between subgroups, on bases of albumin level
and the degree of PEM, revealed statistical non-signiﬁcant dif-
ference in all ABR and cortical potentials measurements
(Table 3).
To study the effect of iron deﬁciency anemia, the results of
evoked potentials of the anemia and no-anemia subgroups
were compared. There was statistical difference between N1
and P2 latencies of both of tonal and speech evoked potentials
and speech evoked N1–P2 interval of anemia subgroup and
those of no-anemia subgroup. The ABR indices and the
remaining cortical potential indices revealed statistical non-sig-Table 2 Comparison between auditory evoked potential’s indices of
non-signiﬁcant probability values in all ABR measures. Signiﬁcant v
latencies and amplitude measures with non-signiﬁcant values in laten
Variable Control group mean ± (SD)
Wave I 1.88 (0.14)
Wave III 3.89 (0.17)
Wave V 5.9 (0.16)
I–III interval 2.01 (0.11)
III–V interval 2.01 (0.13)
N1 latency (tonal) 149.5 (30.5)
P2 latency (tonal) 251.8 (42.4)
N1–P2 amplitude (tonal) 13.1 (2.2)
N1–P2 interval (tonal) 102.4 (22.5)
N1 latency (speech) 140.8 (32.9)
P2 latency (speech) 240.9 (49.7)
N1–P2 amplitude (speech) 13.9 (1.9)
N1–P2 interval (speech) 100 (26.2)niﬁcant difference between the two sub-groups (Table 4).
When comparing N1 and P2 latencies of both subgroups to
the control group, there was statistical signiﬁcant difference
between values of the control group and the anemia subgroup.
In spite of absence of this statistical signiﬁcant difference
between the control group and the no-anemia subgroup, there
was evident shortening of wave latencies (Table 5).
The comparison between auditory cortical potential of
tonal and speech modes revealed statistical signiﬁcant differ-
ence in N1 latency comparison while P2 latency, N1–P2 ampli-
tude and N1–P2 interval comparison revealed no statistical
difference (Table 6).
4. Discussion
It seemed that children with PEM, whether accompanied
with iron deﬁciency anemia or not, had efﬁcient auditory
brainstem pathway. The efﬁciency revealed by within normal
wave latencies, reﬂected within normal neural conduction
time in the brainstem. Similar ﬁndings was reported by Dur-
maz et al.33 and Algarin et al.13 However, others like Ron-
cagliolo et al.30, Roncagliolo et al.8 and Odabas et al.29
reported signiﬁcant differences between brainstem potentials
of normal children and those with PEM. The absence of sig-
niﬁcant effect of PEM on the brainstem function might be
either due to limited role of PEM on the myelination pro-
cess of the brainstem or due to nearly complete myelination
of brainstem at toddler’s age. Actually, investigators such as
Eggermont41 and Ponton et al.42 reported that the auditory
brainstem potentials reach adult values at 18–36 months of
age, nearly the age range of study group. The auditory neu-
ral maturation of the brainstem seemed to have no much to
achieve in the tested age. The absence of difference between
inter-peak latency intervals of the study and the control
groups reﬂected that the growth of auditory nerve and the
brainstem nuclei up to the inferior colliculus continues in
parallel with each other. Furthermore, the nature of ABR
components as short distal neural potentials might made
them less vulnerable to the nutritional insults. This agreed
with El-Khayat et al.2 who reported more affection in the
more central neurons than in more distal neurons.the control group and that of the study group. The table revealed
alues were found in comparison of auditory cortical potential’s
cies interval measures.
Study group mean ± (SD) t-Value (prob.)
1.91 (0.12) 0.83 (0.41)
3.94 (0.15) 1.1 (0.27)
5.92 (0.38) 0.18 (0.86)
2.03 (0.01) 0.66 (0.51)
1.98 (0.34) 0.4 (0.69)
173 (30.6) 2.7 (0.008)
276.1 (40.2) 2.1 (0.041)
10.1 (4.4) 2.1 (0.04)
102.9 (27.7)  0.08 (0.94)
161.1 (28.9) 2.4 (0.022)
272.8 (50.3) 2.3 (0.028)
11.6 (4.6) 2.2 (0.035)
111.8 (34.8) 1.3 (0.2)
Table 3 Comparison between auditory evoked potentials indices of albumin-based and PEM degree-based subgroups. The table
revealed non-signiﬁcant probability values in all ABR waves and auditory cortical waves’ latency, latencies interval and amplitude
measures.
Variable Albumin t-value (Prob.) Weight/age ratio t-value (Prob.)
Wave I 1.1 (0.28) 0.68 (0.5)
Wave III 0.69 (0.5) 0.15 (0.88)
Wave V 0.86 (0.4) 0.48 (0.64)
I–III interval 0.26 (0.8) 0.59 (0.56)
III–V interval 1.3 (0.2) 0.61 (0.55)
N1 latency (tonal) 1.1 (0.29) 0.44 (0.66)
P2 latency (tonal) 0.86 (0.39) 0.26 (0.8)
N1–P2 amplitude (tonal) 1.2 (0.25) 1.05 (0.3)
N1–P2 interval (tonal) 0.7 (0.95) 0.11 (0.91)
N1 latency (speech) 1.3 (0.19) 0.23 (0.82)
P2 latency (speech) 1.5 (0.14) 0.61 (0.55)
N1–P2 amplitude (speech) 0.19 (0.85) 1 (0.32)
N1–P2 interval (speech) 1.03 (0.31) 1.08 (0.91)
Table 4 Comparison between auditory evoked potentials indices of anemia and no-anemia subgroups. Signiﬁcant probability values
were found in auditory cortical wave latencies and speech evoked N1–P2 interval comparison with non-signiﬁcant values in the
remaining cortical potential and all ABR indices.
Variable No-anemia subgroup mean ± (SD) Anemia subgroup mean ± (SD) t-Value (prob.)
Wave I 1.9 (0.11) 1.9 (0.12) 0.67 (0.51)
Wave III 4 (0.2) 3.9 (0.1) 1.2 (0.26)
Wave V 5.9 (0.5) 5.9 (0.2) 0.53 (0.6)
I–III interval 2 (0.1) 2 (0.1) 0.93 (0.34)
III–V interval (0.5) 2 (0.1) 1.1 (0.27)
N1 latency (tonal) 157.9 (32.1) 186.7 (22.3) 3.1 (0.004)
P2 latency (tonal) 259.4 (40.4) 290.8 (34.7) 2.4 (0.021)
N1–P2 amplitude (tonal) 11.9 (4.3) 10 (4.4) 1.2 (0.23)
N1–P2 interval (tonal) 101.6 (30.8) 104.2 (25.6) 0.27 (0.79)
N1 latency (speech) 147.4 (27.5) 173.2 (24.9) 2.9 (0.007)
P2 latency (speech) 247.8 (51.6) 295.1 (38.1) 3.1 (0.004)
N1–P2 amplitude (speech) 12.8 (4.7) 10.5 (4.3) 1.5 (0.13)
N1–P2 interval (speech) 100.4 (35.7) 121.9 (31.6) 1.9 (0.07)
Table 5 Comparison between N1 and P2 latencies of the control group with those of anemia and no-anemia subgroups. Signiﬁcant
probability values were found between latencies of the control group and the anemia subgroup with non-signiﬁcant probability values
when comparing control group latencies with those of the no-anemia subgroup.
Variable Control group
mean ± (SD)
No-anemia subgroup
mean ± (SD)
Anemia subgroup
mean ± (SD)
F-value
(prob.)
N1 latency (tonal) 149.5 (30.5) 157.9 (32.1) 186.7 (22.3) 8.6 (0.001) a a b
P2 latency (tonal) 251.8 (42.4) 259.4 (40.4) 290.8 (34.7) 5.1 (0.01) a a b
N1 latency (speech) 140.8 (32.9) 147.4 (27.5) 173.2 (24.9) 6.5 (0.003) a a b
P2 latency (speech) 240.9 (49.7) 247.8 (51.6) 295.1 (38.1) 7.3 (0.002) a a b
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components (N1–P2) started to be reproducible during early
childhood period.43,21,39,24 Despite that, modiﬁcation of stimu-
lus type, duration and inter-stimulus intervals (ISIs) enhanced
the reproducibility of these potentials in the tested toddlers of
the present study. This study considered the outcome of
studies such as Gilley et al.40, Wunderlich et al.24 and Sussman
et al.28 in purpose to choose the proper stimulus characters
that compensate for the young age of subjects.40,24,28 The ra-
tional was to enhance the morphology of N1–P2 potential aspossible and to minimize the effect of factors compromising
the reproducibility of the potential except PEM. The N1–P2
cortical potential was relatively highly reproducible in toddlers
of the present study. The potential was present in about 87%
of normal toddlers and 76% of those with PEM. Both were
higher than that reported by Wunderlich et al.24 who reported
that 63% of toddlers produced reliable N1–P2 potentials. The
higher potential incidence in the present study could be due to
the higher stimulus intensity level and the longer inter-stimulus
interval used in the current study.
Table 6 Comparison between tonal and speech-evoked cor-
tical potential’s indices. Signiﬁcant probability values were
found in N1 latency. Non-signiﬁcant values were found in P2
latency, amplitude and latency interval measures.
Variable Mean ± (SD) t-Value (prob.)
N1 latency (tonal) 173.1 (30.6) 5.2 (0.000)
N1 latency (speech) 161.1 (28.9)
P2 latency (tonal) 276.1 (40.2) 0.6 (0.56)
P2 latency (speech) 272.8 (50.3)
N1–P2 amplitude (tonal) 10.9 (4.4) 0.96 (0.34)
N1–P2 amplitude (speech) 11.6 (4.6)
N1–P2 interval (tonal) 102.9 (27.7) 1.65 (0.11)
N1–P2 interval (speech) 111.8 (34.8)
112 M.R. Hassaan et al.The ACPs revealed ﬁndings that were dissimilar to the
brainstem potentials. The differences found between latencies
of N1 and P2 waves and peak-to-peak amplitude of the study
and the control groups revealed that auditory cortical pathway
was less efﬁcient in toddlers with PEM. This might reﬂected
poor neural myelination and weakness of synaptic junctions.
This in turn could be due to the later age of maturation of
ACPs than that of auditory brainstem potentials, which made
the neural areas responsible for ACPs vulnerable to the effect
of PEM. Such ﬁnding was supported by Liu et al.,12 Salah
et al.6 and Wunderlich et al.24 It was not expected to ﬁnd this
marked difference in this relatively short time interval between
ﬁrst diagnosis and hearing testing, which was three weeks.
However, the nature of this pathology as regards its insidious
onset and subclinical recurrences might reﬂect longer duration
of it. Again, the maturation of centers responsible for N1 and
P2 waves seemed to be paralleled in their courses as reﬂected
from nearly similar latencies intervals.
In the present study, three main variables were considered
in the study group subjects: the degree of PEM, hypoalbumi-
nemia and the presence of iron deﬁciency anemia. Studying
the effect of these factors individually was an important issue.
Tacitly, PEM as a selection character of the study group
seemed to have an effect on the late ACPs. This was evidenced
by the signiﬁcant difference between results of the control
group and the study group. The difference between N1 and
P2 latencies of the control group subjects and those of study
group subjects who had no-anemia did not reach statistical sig-
niﬁcant level. In spite that the latencies mean of all waves of
the control group were evidently shorter. However, the varia-
tion from moderate to severe PEM seemed to have no effect on
such neural activity. Other variables such as, the duration of
the pathology and age of onset could play a role in smearing
of the malicious effect of PEM grade. These factors could
not be accurately assessed on view of the expected subtle onset
of PEM, the variable course of illness in addition to illiteracy
and/or low socioeconomic standard of most of parents of
those children. Most of parents of affected individuals were
not able to determine an accurate estimate of the start of the
disease. All of toddlers have been diagnosed with PEM at least
three weeks before inclusion in the study.
When normal or reduced, albumin levels seemed to have no
effect on the efﬁciency of auditory neural function. This agreed
with Odabas et al.29 who reported no effect of albumin levels
on brainstem potentials.29 In spite of reported affection ofABR waves in subjects with iron deﬁciency anemia by some
authors,30 results of the present study did not support these
ﬁndings, which agreed with ﬁndings of Sarici et al.44 and Alga-
rin et al.1344,13
The iron deﬁciency anemia had evident effect on the late
cortical neurotransmission time evidenced by statistically sig-
niﬁcant shorter latencies of N1 and P2 waves of individuals
without anemia than those of toddlers with anemia in the
study group. Moreover, wave’s latencies of the control group
were signiﬁcantly shorter than those of study group subjects
with anemia. It was reported by many researchers that brain
iron is essential to proper brain myelination.8 Animal studies
supported the presence of direct relationship between iron deﬁ-
ciency and brain iron with selective effect on different brain
areas. Oligodendrocytes require iron to synthesize fatty acids
and cholesterol for myelin production. They found more con-
centrated iron in white than in gray matter and that most brain
iron is found in this myelin fraction.45,10,7 The relatively de-
layed maturation of auditory cortical function beyond the tod-
dler’s age in human being beside the relatively long period of
anemic state, explained the obvious affection of cortical poten-
tials by iron deﬁciency anemia. Animal studies revealed that ef-
fect of iron deﬁciency was more pronounced when occurred
early in life. Examination of rats with induced iron deﬁciency
anemia revealed that they were hypomyelinated when this deﬁ-
ciency occurred in post-natal period.7 Even the presence of
iron replacement therapy for affected rats seemed to have little
effect on improvement of their cognitive functions.46
The N1–P2 potentials induced by speech stimulus (wa-sylla-
ble) were more pronounced, demarcated and prolonged than
that induced by the tonal stimulus (250 Hz tone). The N1
latency of wa-syllable was shorter than that of 250 Hz tone.
Moreover, the duration of N1–P2 potential of wa-stimulus is
longer than that of the 250 Hz one, however did not achieve
signiﬁcant level. The latency of P2 seemed to be less affected
by the nature of the stimulus. The temporal integration of
the complex spectrum of wa-speech stimulus in comparison
to tonal one may explain such ﬁndings. In support to these
ﬁndings, Wunderlich et al.24 demonstrated shorter N1 latency
and larger potential amplitudes in response to words than
those in response to tonal stimuli. Results of the present study
revealed that The N1–P2 amplitude of the speech stimulus is
higher than that of the tonal stimulus, however below the sta-
tistical signiﬁcant level.
In conclusion, both of low tonal and low frequency speech
stimuli produced cortical potentials in most of toddlers. Pro-
tein energy malnutrition and iron deﬁciency anemia had evi-
dent effect on the auditory cortical function. The relatively
delayed maturational course of the cortical potentials and their
multi-generators made them vulnerable to nutritional insults.
Absence of this obvious relationship with brainstem auditory
function could be attributed to the early maturational course
of the brainstem. The reduced albumin level had no effect on
the brainstem or cortical auditory functions.
The outcome of the present study added to the evidences
that classify PEM and iron deﬁciency anemia as risk factors
for auditory function impairment especially the higher cortical
one. Moreover, it added to the neuro-physiological methods of
early detection of auditory processing disorders especially in
high-risk toddlers. It is recommended to include subjects with
PEM and/or iron deﬁciency anemia into training programs to
enhance their auditory neural functions.
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